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by Michael I. Mirtich and James S. Sovey 
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ABSTRACT 

An electron bombardment argon ion source was used to ion etch polyimide 
(Kapton) and fluorinatcd ethylene propylene, FEP (Teflon). Samples of poly- 
imide and P'EP were exposed to (0. 5- 1. 0) keV Ar ions at ion current densities 
cf (1.0- 1. 8) mA/cm for various exposure times. Changes in the optical id 
electrical properties of the samples were used to characterize the exposure. 
Spectral reflectance and transmittance measurements were made between 0. 33 
and 2. 16 pm using an integrating sphere after each exposure. From these 
measurements, values of solar absorptonct were obtained. Total emittance 
measurements were also recorded for some samples. Surface resistivity was 
used to determine changes in the electrical conductivity of the etched samples. 

A scanning electron microscope was used to record surface structure after ex- 
posure. Presented in the paper are spectral optical data, resistivity measure- 
ments, calculated absorptance and emittance measurements along with photo- 
micrographs of the surface structure for the various exposures to Ar ions. 

INTRODl'CTlON 

Polyimide (Kapton) and fluorinated ethylene propylene, FEP (Teflon), are 

two polymers that transmit visible radiation when used as thin sheets but have 
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a vei^ hi}^ value of resistivity (>10 ohm/sq). These materials are presently 
being used in both ground and space applications. Their use in space as thermal 
control surfaces, encapsulants for solar cells, reflectors for concentrator 
arrays and solar sail material' introduces the problem of spacecraft charging. 
Electrical charge buildup on external spacecraft inculating surfaces can be dis- 
sipated by the use of thin conducting films on the insulator. However, the 
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application of thin conducting films can be costly, they alter the optical proper- 
ties of the materials, add weight, and create new problems such as stability of 
the coating's optical pniperties when expoued to the space environment. An 
alternate approacrh is to ion beam texture such surfaces to modify the surface 
chemistry and morphology to obtain- (1) hii^er surface conductivities, (2) im- 
proved or unique optical properties, and (3) a textured substrate to enhance thin 
film adherence. 

This paper describes the results of ion beam texturing polyimide and FEP 
by use of a 30- cm diameter electron br^mbardment argon ion source.** An evalu- 
ation of ion bc'am textured polyimide and f'EP surfaces was performed for vari- 
ous beam energies, current densities, and exjiosure times. Measurements of 
the optical properties and sheet resistance were made after each exposure. It 

5 

was hoped that polyimide and FEP would attain surface resistivities of <'10 
ohms per square and that the optical properties would be altered to make the 
textured surfaces useful as radiative surfaces or as thermal control surfaces. 

The results of these studies are presented herein. 

APPARATUS AND PROCEDURE 

5 

The ion source design, developed from electric propulsion technology, 

uses a hollow cathode to provide the ionizing current for the beam source. 
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Beam extraction is accomplished by a dished, two grid ion optics system. 

« 

Neutralization of the ion beam was achieved by secondary electrons released 
by ion bombardment of the yacuum facility walls. 

The vacuum facility 1. 5 meters in diameter and 7. 3 meters long is suffi- i 

ciently large to minimize backsputtcred facility material from contaminating 
tne experiments and maintained a pressure of 4x10 torr during ion source 
operation. 

The ion source is capable of operating at beam energies between 500 and 
1500 eV. The beam current ca.i be adjusted between 200 mA and 2.0 A. The 
samples (8x8 cm) to be text’jred were located normal to the bt*am at a location 
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20 cm from the ion source. The current density at this location was 1. 8 mA/cm 
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for (X)lyimi(lo tarKfts, 1 mA/cm^ for FEP tarRcts and was uniform over the 
tar^i't area. Target texture was simply produced by ion beam etchinK lor ex|K*- 
sure times varying in duration from 10 to 115 minutes. 

The fKiIymers picked to be textured include: 8-pm thick pt)lyimide (Kapton); 
aluminized polylmide (Kapton), 127-pm thick polylmide coaled on one side with 
0. 1 pm Al to obtain a high solar reflectivity; and silvered fluonnated ethylene 
propylene, FKP (Teflon), 127 pm thick coated with 0. 15 pr.i of silver and backed 
with two layers of polylmide tape. 

Spectral transmittance |t(\)1 and reflectance (p(X)l measurements were made 
between 0. .13 and 2. 16 pm using the integrating sphere described in reference 6. 
The samples were measured before and after a given exposure to the Ion beam. 
The technique used to obtain the data was to break up the solar energ\ distribu- 
tion curve al air mass zero into 2 piercent energy increments. “ Total solar 
reflectance at air mass zero, p„, is defined as the solar energj (specular and 
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diffuse components) leflected by a surface, divided by the total encrg>- incident 
in the surface. A similar definition and technique was used to obtain the total 
transmittance (t„) of a sample. Once and p are measured the corre- 
spending total solar absorptance (a ) at air mass zero can be calculated by use 
of equation (1) 

ors=l-Ps-T^ (1) 

For an opaque sample, a measurement of the solar reflectance, p , subtracted 
from one will yield the solar absorptance. 

The technique used in the integrating sphere to obtain p(\) for a transparent 
material was to first measure t(\) and then make a measurement of |t(\) +p(X)|. 
This method is described in reference 6 and can be used to obtain values of solar 
aljsorptance (Og)* 

Values of the spectral refleeiance p(\) of the opaque materials in the infra- 
red region (J - 15. 5) pm were obtained using a healed blackbody (hohlraum) 
reflcctomcter that i-j deserfbed in reference 7. 


4 


The sheet resistance of the samples were measured by placing the samples 
in a holder between tw’o strips of indium. UsinK the dimensions of the sample, 
values of sheet resistance expressed In ohms per square (ohm/sq) were olitained. ' 

RESl’LTS AND DISCI SSION 
Polyimide 

Uncoated polyimide 8 pm thick was the first sample exposed to th'» Ar ion 
iK-am. By varying the beam energy, current density, and sample pr>sition, it 
was deniunst rated that the polyimide samples could bt* ion beam textured at a 
beam energy of 1 keV and a current density of 1. 8 mA/cm . This beam inten- 
sity was sufficient to texture the polyimide surface in a reasonable time and 
was of low enough beam power density so that the polyimide samples maintained 
their physical integrity. Table I presents the results of exposing polyimide 
samples for various times, which varied from 10 to 115 minutes. 'Hie values 
presented are the total transmittance, total reflectance, total solar absorptance 
and sheet resistance for each sample after each texture exposure time. 

The resulting textured surfaces were examined using a scanning electron 
microscope. Figures 1(a), (b), and (c) show the surfaces after ion beam tex- 
turing for 10, 30, and 115 minutes. Increasing the cjqposurc time causes 
changes in the surface morphology. At 115 minutes spires 5pm high appear in 
the surface. 

Figure 2 shows the effects of the exposure to 1 keV Ar ionsi n the spectral 
transmittance. Texturing polyimide for only 10 minutes causes a large decrease I 

in spectral transmittance at all wavelengths, the largest reductions taking place I, 

below 1.0 pm. Increasing the exposure time up to 60 minutes continues to de- | 

crease the transmittance at all wavelengths. The 11 5- minute exposure caused 1 

the already thin polyimide to become thinner, hence an Increase in the spectral j 

transmittance was observed. Complete penetration of the polyimide occurs 
after ion etching for a period of approximately 180 minutes. 

Listed in table I and plotted in figure 3 are the total solar transmittance, I 

solar absorptance, solar reflectance, and the sheet resistance for a given ion B 



tx-'um i-vpi»8urf tiim*. The minimum shoft resistance and lowest value o| total 
transmittance occurred when the polvimide was exposed to the In-am for 60 min- 
utes. A sheet resistance* of 10 ottu ohms per square. desi rable i«»r space upplica- 
tiom^was attained after a .lO-minute* ion bt‘am exposure. The decrease in sh«et 
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resistance from -10 to 10 OOo ohms per square was possibly due to a chemical 
chanm* in the suiface structure of the i^iolyimide, since other measurements 
rule out any contamination eiieds of the tank walls or ion source. It is felt that 
because of the chemical nature ol the iKilyimide molecules (stpin^ intermolecular 
and weak intramolecular bondinKl, ion In-am lextutinK of the suriace may have 
released some carbon atoms, thus causing' a ccinductivity. 

As showm in figure .'1, the reduiiion in total transmittance due to Ix'um e>q»o- 
suro time was accompanied by at. increase in solar absorptance with very little 
chanKcs in the initially small reflectance. The 115- minute ion Ix'a.m exposure 
time caused a reversal in the trend of all the measured parameters and was 
essentially too lon^ an exposure lor this thin a sheet of p^dyimide. The sipiifi- 
cant Increase in shec't resistance at the 115- minute exposure mi^ht possibly be* 
due to the very rou«h surface structure or partial sputter through in the valleys 
of microstruetures. No attempt w’as made to measure the inirared refU'ctance 
usin^ the hohlraum rcdlectometer for th«* transparent polyimide. 

Alumini/ed I’ljlyimide 

Alter successlully texturing plain 8 pm p*..lvimide, aluminized polyimidc* 
topologically representative of a solar rellector or a solai sail was ex^ioscd on 
the polyimide side to 1 keV, 1. 8 mA/cm'^ Ar beam io 3. Figure 4 show's a 
scanning electron photomicrograph of the polyimide suriace after li> minutes ol 
textunng by the ion ix*am. The surface morj»hologv is the same as lor the 8 pm 
pt^tlyimide after a 10- minute exjiosure undi r similar conditions (see fig. l(ai). 
Shown In figure 5 is the spectral rellectance between 0. .U and 15. 5 pm of the 
aluminized polyimide surface ior untextured, lo and 31 minutes of texturing. 

Ten minutjs fit texturing is enough time t»> cause large reduc tions in the spectral 
reflectance Ix’low 2 pin. Increasing the ex|)osuie time to 31 minutes, yields 
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lurther, but stnaller reductions. At wavclenRths Rjeater than 2 ^ni the chanKi'tt 
in reflectance are wavelcnKtl and exposure ek'pendent with n»» clear trends. Kir- 
ure 6 is a plot oi solar reflectance, solar absoriitance, sheet resistance, and 
thernvil emittance calculat d at 550 K for the textured alumini/ed [H>lvimide 
surfaces. This fifpire shows that the larne chanKC'S in these parameters take 
place alter 10 minutes of textunnK. A shett resistance oi 10 000 ohms jkt 
square is reached in only 10 minutes o| texturing. This value o- sheet resis* 
tance is attained in a shorter peri»xl oi time than lor the 8 pm |M»l>imide (30 min, 
sec fiR. 3). Tlic SEM ph<<U<microRraph of the 10- minute textured surfaces of 
Ixith samples h>ok alike, and even thouRh the absolute sheet resistant es are dif- 
ferent, siRnifirant otmductivity was achieved. I'se (»l aluminized fK/lyimide as a 
solar reflector in space missions at 0.3 AU (10 suns) requirer i thermal emit- 
tance of at least 0.40 to keep the aluminized polyimide at a sale temperature 
level, 550 K. By ion lx«am lexturinR the Kapton surface lor 31 minutes a ther- 
mal emittance oi 0.765 was attained at this temperature. 11 550 K is a safe 
upper limit operatinR tempc>ralure lor the aluminized ptdyimide than with an 
emittance of 0.765 on the textured jKilyirnide side the material could tolerate 
operatioii at 0.20 AU (25 siuis). An additional Ix'ncfit of usinR the textured mate- 
rial would Ik* a surface resistivity of 6000 ohms per square. 

Silvert*d f'EP 

127-pm thick FEP (Teflon) coated on the back side with 6. 15 pm Ar was 
exposed on the FEP side to the Ar ion lx*am. This coatetl FEP Is a thermal 
control surface for spacecraft and has proper optical properties, but docs not 
have a surface conductivity necessary to reduie the elfects of spacecraft charR- 
inR. Attempts to texture FEP at the same enerRV level and beam current den- 
sity as polyimide caused thermal decomporition of the FEP. A reduced lx*am 
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current density of 1 mA/cm and a lx*am enerpy oi 0. 5 keV was found to be 
more appropriate to ion lx*am texture FEP with Ar ions. Sh«»wn in fiRurc 7 is 
a scanninR electron photo mi cropraph taken at x3000 maRnification ol the ion 
beam textured FEP after a 27- minute exposuie. Its surface morpholoRV is 
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unlike that of the polyimide but consistent with results obtained in references 8 
and 9. Sheet resistance measurements indicated that ion bt‘am texturing the 
FKP surface did not decrease the surface resistivity (still >10 ohm/sq). FIk- 
ure 8 presents the spectral reflectance of untextured and textured FKP. At 
wavclen^jths below 4 ^m there is a small reduction in the spectral reflectance. 

No si^ificant trend takes place at wavelenuths (greater than 4 ^ni. 'rhe solar 
absorptance changed from 0,087 to 0. 122 as shown in table I. • “lermal 
emlttance calculated at 300 K (nominal operating temperature of this thermal 
control coatinK on a spacecraft) chanji^ed from 0. 807 to 0,670, This leads to a 
hi>{her a/c ratio, thus increasing; the surface temperature. AlthouKli the ion 
beam texturinj; of FKP does not lower the ratio of a/c, or produce a conductini; 
surface, the surface texturing may allow better adherence of metallic films. 

Metalizing the textured FKP surface with gold produces a relatively efficient 
solar absorber (fig. 8, table 0. This type of surface, with further optimizuliun, 
might find terrestrial application for heating and cooling systems. For example, 
this FKP sheet might be ion beam textured and metalized with aluminum to pro- 
duce a sol ir selective surface. FKP may be ion machined at rates uji to 
200 pm/hr and ion beam processing may be cost effective relative to electro- 
plated systems. The easily textured FKP surfaces appear matt white. Subse- 
quent sputter deposition of the gold film results in a microscopically rough metal 
film having a grey- black matt appcar»mcc similar to textured Ixilk metals. 
However the cones are far more clastic and ir.echanical damage resistant than 
cones in metal substrates. Casual handling ot the surface did not appt*ar 
alter its optical appearance, 

CONCLI DING RKMARKS 

I*olyimlde (Kapton) and FKP (Teflon) can be textured using an electron- 
bombardment Argon ion source at low enough power levels so as to not cause 
thermal changes in their physical properties. 

Polyimide develops a conducting surface when ion beam textured and 
attains a surface resistivity of 10 000 ohms per square with a 10- minute expo- 


Huro. Ion beam texturing of the Kapton eauacd lar^c changes in the tranamit- 
tancc and solar abHorptance, but only sllj^ht chanKcs In reflectance. 

The aluminized polyimide surface (solar reflector material) when exposed 
for 31 minutes to 1 keV Ar ions attained a thermal emittance at 5r»0 K of 0.765. 
This emittance allows the solar reflector material a capability of opc^ratlnj? at 

0. 20. AU (25 suns). Ion lx?am texturing of the polyimide eliminates the need of 
coating the Kapton with a hiKi) emittance, conductive material. Texturing of 
the polyimide side of reflector material also eliminates the weight penalty asso- 
ciated with a thin film coatinR. 

FKP does not become conducting; w'hen textured; however, the surface tox- 
turinR may allow better adherence of subsequent sputU'red metallic films, thus 
resultinn in a hiRii absorptajice surface. 
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Figure 1. - Scanning electron photomicrographs of ion beam textured 8 //m 
thick polyimide exposed to 1 KeV argon ions at 18 ma cm’; 35 tilt 
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Figure 2 . - Spectral transmittance of 8pm thick polylnlde before and 
after exposure to 1 keV Ar Ions at 1. 8 mA/cm’ 
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Figure 3 - Total transmittance, solar absorptance. and sheet 
resistance versus exjposure time for Sum polyimide exposed 
to 1 keV. 1. 8 mA/cm‘ Ar ions. 
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Figure 4. • Scanning electron photomicrograph of ion beam textured 127 (Un 
aluminized polyimide exposed to 1 KeV argon ions at 18 ma cm^ for 10 
minutes. XIO 000 



Sf€ET RESISTANCE, ohm/sq 


,r UNTEXTURED 



Figure 5. - Spectral reflectance of 127 pm aluminized 
polyimMe exposed to 1 keV Ar ions. 
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Figure 6. - Solar absorptance, emittance, solar reflectance and 
sheet resistance versus exposure time for 127 pm aluminized 
polyimide, exposed to 1 keV, 1.8 mA/cm‘ Ar ions. 
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Figure 7. • Scanni'ig electron photomicrogrj 
posed to 0 5 KeV argon ions at 1 ma cm 
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Figjre 8. - Spectral reflectance of 127 um silvered FEP, 
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